The crystallographic structure of the penicillin-sensitive D-alanyl carboxypeptidase-transpe tidase from Streptomyces R61 has been solved to 
Penicillin-sensitive D-Alanyl ~a r b~~~p~p t i~~e -t~a n s~p t~d~e X-ray Analysis For x-ray photography and d i f~a c t o m e t~, crystals were sealed in quartz capillaries. Precession-photographs showed thee crystals are orthorhombic with a = 51.1 A, b = 67.4 A, c = 102.8 A with space group P212121. The calculated volume/dalton ratio is 2.33 for an assumed M, 38,000 and 1 molecule/asymmetric unit. The 16,954 intensities (+28) to 2.8-A resolution were collected at 19 "C with nickel-filtered copper radiation on a 4-circle Picker diffractometer. Of these, 92% were above background by three times their estimated error. A partial-peak w step scan was used in which 4-s counts were taken at each of seven w settings 0.02" apart. Crystal alignment and deterioration were monitored by counting three standard reflections every 300 reflections. Intensities of native data usually dropped less than 16% during a 192-h data collection period. Derivative data often decayed up to 20%. A %-dependent background correction, based on measurements at an absorption minimum, was applied (Hill and Banaszak, 1973 ). An empirical cylindrical absorption correction was made as a function of SP near x 90". The absorption correction varied from 1.3 to 1.5. For heavy-atom derivatives, Friedel mates were measured at -28 in groups of 50 reflections.
Preparation of Heavy-atom Derivatives
Enzyme crystals held in 30% PEG solution were exposed to heavyatom compounds at 2.5-10 mM final concentration at pH 6.8 for 24-100 h. Compounds found useful for phasing were potassium uranyl pentafluoride, methyl mercury chloride, sodium platinum hexachloride, and 3-isothiocyanato-4-iodobenzenesulfonic acid. Details are given under "Results and Discussion."
Preparation ~~Enzyrne-p-~actam Complexes 0-lodobenzamidopenicillanic acid and the cyclobutanone, 6,6-dichloro-4-desaza-2,2-didesmethyl~nicillanic acid (Tomczuk, 19% Tomczuk et a/., 1983), cephalosporin C (Lilly), and the monocyclic p- 324 (Squibb) were dissolved in the phosphate-buffered 30% PEG solution at concentrations shown in Table 111 . Enzymc crystals were exposed to the p-lactam solutions at room temperaturf for the soak times indicated in Table 111 . Crystals were not washec with p-lactam-free PEG solution before x-ray analysis.
Preparation of Chemically Modified Crystals Diisopropyl Fluorophosphate (DFP)-Under suitable safety precautions, a crystal of Streptomyces R61 carboxypeptidase/transpeptidase was reacted for 48 h at room temperature with 10 mM DFP at pH 6.8 in 30% PEG, 50 mM phosphate buffer. Over a 48-h period prior to reaching the final concentration of 10 mM, the crystal was exposed to small increasing concentrations of the reagent in order to prevent crystal cracking.
3-Isoth~anato-4-iodobenzenesulfanate-This iodinated Edman reagent, kindly provided by G. A. Petsko (Massachusetts Institute of
Technology), was reacted at 10 mM with a crystal for 72 h at pH 6.8 in the 30% PEG-holding solution. The crystal was washed for 8 h with reagent-free PEG solution. Methylglyozal-A crystal was reacted for 48 h at room temperature with 15 mM methylglyoxal at pH 6.8 in the 30% PEG-holding solution. Prior to this reaction, the crystal was prereacted for 6 days with smaller concentrations of the reagent.
Iodine-An iodination procedure of Sigler (1970) employing KI and I, was used to label tyrosine and possibly histidine residues in the crystalline enzyme (no free cysteine is present). The crystals became deep red as the concentration of fresh Ii reactant was increased to 20 mM over an 8-day period in the dark at pH 6.8. After this period, unreacted iodine was washed from the crystal until the color disappeared.
Enzyme Activity Determination
The activity of the enzyme was determined using diacetyl-L-Lys-D-Ala-D-Ala as substrate and the D-amino acid oxidase procedure for the determination of D-alanine (FrBre et al., 197613) .
Proteolytic Digestion and Sequence Determination
One hundred nanomoles of enzyme were reacted during 60 min at 37 "C with a 20-fold excess of 6-iodopenicillanate (Pfizer) in 250 p u t of 10 mM sodium phosphate buffer, pH 7.4. The excess reagent was removed by filtration on Sephadex G-15 and the fractions containing the acyl-enzyme freeze-dried. The dry material was dissolved in 1.0 ml of 10 mM NH,HCO, containing 0.1 mM CaC& and 2 M urea. Trypsin (400 pg) was added, and the mixture was incubated at 37 "C for f h. The labebd peptide was purified on Sephadex G-25 and a reverse-phase high performance liquid chromatography column as described by Joris et al. (1984) by monitoring the absorbance of eluates at 315 nm, a wavelength characteristic of the dihydrothiazine chromophore obtained after acylation of the active site serine by 6-iodopenicillanate.' Dansylation of the peptide thus obtained indicated only one NHz-terminal residue (Val). The sequence was determined using the microdansyl-Edman method (Bruton and Hartley, 1970) .
RESULTS AND DISCUSSION
Heavy-atom Deriuutiues-Four heavy-atom compounds listed in Table I were found to produce significant intensity changes with less than 0.2% cell constant changes. Initial heavy-atom coordinates for major sites were determined from three-dimensional Patterson maps based on coefficients F& which included anomalous dispersion differences (Matthews, 1966) :
with the weighting factor w = 0.75; the ratio of the imaginaryto-real scattering k was calculated from tabulated scattering factors in the International Tables for X-ray Crystallography (1968). Derivative and native structure factors were scaled so the quantity E( I F p I -I F p H 1 )' was minimized, where
S is the scale factor, and ut are parameters to correct the measured derivative structure factor FbH for anisotropic disorder which may be induced by the heavy-atom substitution (Eklund et al., 1981) . The scaling method was found useful in removing heavy-atom ghost peaks from the native electron density map.
Harker peaks in the platinum hexachloride Patterson map are shown in Fig. 1 . A vector set consistent with a single site was seen about eight times background. The Patterson maps for the uranyl and mercury derivatives were also easily interpretable. Minor heavy-atom sites were found in a series of difference Fourier maps. Atomic positions, occupanices, and temperature factors were refined by a full-matrix leastyuares procedure based on all three-dimensional data to 2.8-A resolution. Additional cycles of heavy-atom refinement were later alternated with phase calculation (see below) to give the final heavy-atom parameters in Table I . To confirm minor sites and to establish the origin of one derivative relative to another, cross-Fourier syntheses were calculated in which the structure factor differences of each derivative were phased from the coordinates of the single-site platinum derivative. Protein Phase Angles-The method of Blow and Crick (1959) was used to calculate protein phase angles. The phase probability was evaluated at 5" intervals. A reiterative program due to M. G. Rossmann (Adams et al., 1969 ) allowed a cycle of phasing to be alternated with several cycles of heavyatom refinement. The calculation included the use of anomalous dispersion differences from three derivatives to 2.8-A resolution. The data for the platinum derivative were terminated at 4.5 A. Results from the phasing procedure are shown in Table 11 . Estimates of the error in the isomorphous and anomalous differences were refined during phasing. Final anomalous difference errors were produced which were '12 to 1 / 3 of the isomorphous difference errors. For all derivatives except the benzene sulfonate, the lack-of-closure errors are B. Joris, J.-M. Fri.re, and J.-M. Ghuysen, unpublished results. + P U S + kZu4 + hlus + hkus) dependence.
= (A' + B2)l/* for the heavy-atom constellation. 
R ( L S )

dR(K)=ZIIFPHI-IFP+fHII/21FPHI.
C R e e n t r i e = Z I I F~~-J '~l -IfHII/lZlFPH-FPI.
less than the root mean square heavy-atom f~; the ratio of the two is reflected in the Rmod values. The mean figure of merit for all 8484 data to 2.8-A resolution is 0.72. Native Electron Density Map-Centroid phases were used to calculate the electron density map at 2.8-A resolution. The F p were weighted by their figure of merit m. Initially, a minimap composed of stacked xz sections was calculated at a scale of 3.2 A/cm. The first contour was drawn at 0.2 eA-3, the error level is 0.03 e k 3 estimated from (1-m2) F$ summations. Large solvent areas and the boundary of a single molecule were apparent. The right-handedness of a-helices in the map confirmed the choice of absolute configuration during phasing. A sheet of five extended p strands was also seen. A completely connected polypeptide chain could not be traced in its entirety in this first map. For those portions of the polypeptide which were clearly seen, coordinates at approximately 4-A intervals along the backbone chain were recorded. These coordinates and the electron density map were transferred to an MMS-X interactive graphics system in the laboratory of M. N. G. James (University of Alberta). The use of depth-cued three-directional contouring greatly facilitated map interpretation and further chain tracing. The quality of the map can be observed in Fig. 2 , which shows a segment of @-helical electron density as pictured on the MMS-X screen. Main chain carbonyl density and side chain density off the helix core are readily seen in the figure. In all, eight segments of helix and five p strands were fitted with idealized secondary structures of polyalanine in this early analysis. The linkages between the secondary structures were not clear in some places. The directions of a few helices and 0 strands were later found to be incorrect. About 80% of the length of the 350-residue molecule was accounted for at this point.
In an attempt to enhance further the quality of the map, the density-modification method of Bhat and Blow (1983) was applied. The multiple isomorphous replacement (MIR) map was calculated on a 0.75-A grid. The incomplete atomic model was used to provide guide points, and these were expanded to include all "well-connected density points" using the criteria of Bhat and Blow (1983) . The remainder of the map was assumed to be solvent and was set to a constant electron density. The modified density was back-transformed to obtain phases which were combined with the MIR phases using the Hendrickson and Lattman (1970) COMBINE program. Two iterations of this process were carried out, and new phases resulted which, on average, differed 24" from the MIR phases. Only slight improvement could be detected in the enhanced map, possibly because the MIR phases were rather good at the start of the procedure.
To confirm the chain tracing and to re-examine ambiguous portions, use was made of a new algorithm for map display developed at the University of North Carolina (Williams, 1982) . The graphics algorithm (GRINCH) represents electron density not by conventional contour surfaces, but rather by branching ridge lines connecting maxima in the density function. With a considerable reduction in the number of lines computed, it is possible in the initial stages to search for the molecule in a global view of the entire cell or asymmetric unit. In the ideal situation, the ridge line network would produce the usual stick diagram of a protein molecule. Because of the abbreviated representation of the density in this new program, much larger segments of the density map can be displayed without the obscuring effect of the full contour representation. Thus, GRINCH was successful in revealing several tracing errors including errors in secondary structure directions. Polypeptide fragments not seen in earlier analyses were also evident so that the complete chain length, except for 13 NH2-terminal residues, could be followed with confidence. The result of the GRINCH tracing of backbone density is shown in Fig. 3 . The complete chemical sequence is not yet known, but many side chains (not shown) could be fitted in the GRINCH tracing. As larger fragments have become available from the chemical sequencing, attempts have been made to position them in the model by aligning the chemical and crystallographic sequences. It is hoped that this will minimize the need for overlaps in the chemical sequence work. Atom coordinates of the crystallographically determined sequence have been deposited in the Brookhaven Protein Data Bank (Bernstein et al., 1977) . In the coordinate listing and in this paper, a tentative residue numbering scheme is used which is subject to revision when the chemical sequencing is completed.
The Secondary and Tertiary Structure-About 40% of the molecule is composed of secondary structure. Eight helical segments, each three-to-five turns in length, comprise 75% of the secondary structure, and five P strands, each approximately 6 residues long, account for 25%. As seen in Fig. 4 , the connectivity of structure elements from the NH, to COOH terminus is aA-(pA-PB-aB-BC-aC-PD-@E-aD)-aE-aF-aGaH. The molecule falls into a new class of proteins with a region of a/@ structure and an area that is all helical (Levitt and Chothia, 1976) . The group of structure elements enclosed by parentheses is seen in the right of Fig. 4 ; it is a close cluster of the parallel-almixed-P type (Richardson, 1981) . The linkages in the cluster can be represented by Richardson's notation as +1, +lx, +lx, +1 or as w, in which there are two right-handed crossovers from para le1 P strands to parallel a-helices. The p sheet contains both parallel and antiparallel strands, and it has the common left-handed twist (as viewed perpendicular to the strands) with a rather small R angle of about 10". The less stable parallel strands PB-PC-PD are sequestered in the middle of the P sheet away from solvent; they are protected by two parallel helices aB and aC on one face and by a longer helix aD which runs across the back face of the sheet. Helices a B a n d aC are each -15 "R to the P strands, and helix a D lies a t -40 "0 to the strands. The near parallelism (R < 10") of a B a n d a C gives rise to an unfavorable alignment of dipole moments which, however, is countered by opposite moments of the nearest ,8 strands (Hol et al., 1981) .
In the left portion of the molecule is a loose clustering of the remaining five helices aA, aE, aF, aG, and aH, each at a large oblique angle to its neighbors.
Whether the two clusters in the left and right of Fig. 4 can properly be called domains is not clear. A space-filling picture (Fig. 5) shows an apparently compact folding. A more quantitative method of searching for domain folding is to calculate a neighborhood correlation (Schulz and Schirmer, 1979) 
where d(i,k) is the distance between a-carbon atoms separated by at least 6 and no more than 25 positions. A plot of c(i) versus i for this structure shows three maxima, the most extensive of which corresponds to residues 125-270 identified previously as the a/P cluster (right of Fig. 4) . This a/@ cluster is joined to the remainder of the molecule by only two polypeptide strands, but the cluster fits snugly against it and consequently is not easily recognized in Fig. 5 .
The tertiary structure was qualitatively examined for homology with other crystallographic structures, especially serine proteases and the zinc-containing carboxypeptidases, but no homology was evident. One case in particular, the Streptomyces albus G D-alanyl-carboxypeptidase, was examined carefully because it is highly specific for the D-alanyl-Dalanine linkage, as is the title enzyme. Its sensitivity to plactams, however, is very low. It is 22,000 daltons, contains an NH,-terminal a-helical cluster, and has four /3 strands near the hydrolysis site in a COOH-terminal domain (Dideberg et al., 1982) . It bears little structural resemblance to the larger Streptomyces R61 D-alanyl-carboxypeptidase-transpeptidase described here. Neither is there any similarity in tertiary folding of the Streptomyces R61 carboxypeptidase/ transpeptidase and either phage or hen lysozyme, which, like the carboxypeptidase/transpeptidase, interacts with bacterial peptidoglycan and, in the case of hen lysozyme, even binds penicillin, although only at high concentration (Corran and Waley, 1975; Felsenfeld and Handschumaker, 1967; Johnson, 1967). When the Streptomyces R61 carboxypeptidase/transpeptidase structure is refined with high resolution x-ray data and the completed sequence, we will search for lysozyme-like saccharide interaction sites which could accommodate Nacetylmuramic and N-acetylglucosamine moieties. Whether the family of penicillin-inhibited D-alanyl-carboxypeptidase/ transpeptidase enzymes is related to the penicillin-destroying p-lactamases has been discussed (Moews et al., 1981; Spratt, 1983; Waxman and Strominger, 1983) , and we will comment on this point later.
Difference Maps-To observe the binding of the compounds Table 111 , electron density difference maps were calculated using the native MIR phases and coefficients m( I F M I -I Fp I ), where F M is the structure factor of the complexed or chemically modified enzyme. The FM were scaled to F p with the same anisotropic method used for the heavy-atom derivative data (see Eqn 2). Acentric data were weighted by ~/ 2 (Moews and Bunn, 1971) . Difference electron densities for selected complexes are shown in Fig. 6 . Density peaks (positive or negative) were considered significant only if they were at least 2.5 times background density.
@-Lactam Binding-To locate the antibiotic-binding site, complexes of p-lactams with the crystalline enzyme were prepared by diffusing p-lactams into pregrown crystals. The three p-lactams and the cyclobutanone listed in Table I11 represent distinctive classes of four-membered ring inhibitors. They have very different chemical structures and kinetic constants with respect to the Streptomyces R61 carboxypeptidase/transpeptidase ). Yet, they were all found to bind a t a common site which is described in more detail below. The iodinated phenylpenicillin was used in the first low resolution mapping with 4-A data. It produced ellipsoidal density centered a t xyz fractional coordinates 0.38 -0.18 0.41. Cephalosporin C, a representative of the large cephalosporin family of p-lactams, was chosen for study because it contains a hydrophilic C7 substituent and has a long half-life of binding (7.5 days) to the Streptomyces R61 enzyme . The envelope of 2.8-A difference density (Fig. 6, top) is consistent with the size and molecular shape of cephalosporin C. A model of cephalosporin C was built based on the correct absolute configuration from crystallographic coordinates (Hodgkin and Maslen, 1961) . This model was fitted into the difference density initially as a rigid body and then with the allowed rotations of the C7 side chain. The difference map showed no density for the C3' side chain Fig. 3, bottom. of the antibiotic. Because opening of the p-lactam bond in cephalosporins is accompanied by elimination of the C3' leaving group (Boyd, 1982 ; Faraci and Pratt, 1984) , the difference map indicates that an acyl-enzyme complex has likely been isolated in these studies.
The 6,6-dichloro-desazapenicillanic acid was designed to be resistant to hydrolysis by p-lactamases and D-alanyl-transpeptidases (Tomczuk, 1980) . Although this cyclobutanone is not antibiotic to growing cells, we find that it is, nevertheless, a competitive inhibitor of this enzyme (Ki = 1 mM) (Tomczuk et al., 1983) and that it binds to the crystalline enzyme. Thus, the electron pair on a p-lactam nitrogen may not be essential (Gordon et al., 1981) for recognition of inhibitors by this enzyme. The compound's lack of in uiuo effectiveness may be due to poor penetration through bacterial membrane barriers, to chemical instability in the presence of amines, or to its inability to acylate target enzymes. The two chlorine atoms at one end of the cyclobutanone enabled us to confirm the bicyclic ring structure is oriented within the 4-A density map ip the same way as cephalosporin C is oriented, although a 2-A translation of the cyclobutanone relative to the cephalosporin is necessary to fit the map density.
The monocyclic P-lactam SQ-26,324 represents a series of newly discovered antibiotics which lack the 5-or 6-membered heterocyclic ring adjacent to p-lactam ring (Sykes et al., 1981) .
It is similar to all other p-lactams in having a negative functionality which is one atom removed from the &lactam nitrogen. The low resolution (4 A) difference map for the benzyl monobactam shows two major peaks, one at the same general site occupied by other p-lactams, the other 30 A away on the left surface of the enzyme (as shown in Fig. 4) and apparently ionically bound near tyrosine 69. We therefore reacted the crystals with the same serine-directed and amine-directed reagents they used in their studies. Because visualization of amino acid residues at 2.8-8, resolution is not uniformly clear along the polypeptide chain, chemical labeling by these and other reagents helped also to assign or confirm parts of the amino acid sequence.
Enzymic Side Chain
DFP is an electrophile commonly used to inhibit serine proteases. The DFP Fourier difference map is featureless except for a single region of positive density near serine 37 in the P-lactam-binding site. The DFP density overlaps a part of the positive density in the cephalosporin C difference map. In solution, the DFP reagent was shown to inhibit penicillin binding and peptidase activity of this enzyme Georgopapadakou et al., 1981) . We conclude that the serine labeled with DFP in the crystal is the penicillinsensitive catalytic serine. A single negative density peak is also present in the DFP map. It is about 3.5 8, from the serine oxygen and is within 1 8, of the only negative peak seen in the cephalosporin difference map. The negative peak may represent a water molecule, phosphate buffer ion, or protein group which is displaced during the binding reaction at the serine position.
The amine-directed 3-isothiocyanato-4-iodo-benzenesulfonate labeled an as yet unidentified side chain (currently numbered 42) at the P-lactam-binding site. The side chain is 5 residues from the reactive serine 37, yet it folds within 3 8, of the serine. The Edman reagent was expected to label the a-amino group at the enzyme's NH, terminus, but it either failed to do so or is not seen there because of disorder of the NH, terminus. The covalent isothiocyanate label was used for phasing the 2.8-A data (Table 11) . Two positive density peaks are resolved in the difference map 7 A apart and are presumably the iodo and sulfonato substituents. Another amine-directed reagent, methylglyoxal, produced a Fourier difference map with a cluster of four positive peaks and two negative peaks in the vicinity of the @-lactam site. Two of the positive peaks occur on the periphery of the unidentified side chain 42 which was also labeled by the isothiocyanate reagent. A third positive peak labels lysine or arginine 25, which is about 7 A from the catalytic serine; the single methylglyoxal peak suggests the residue is lysine. One of the negative peaks in the methylglyoxal map is coincident with the negative peak in the cephalosporin and DFP difference maps. A solvent molecule or buffer ion in this common position would generally lie between the catalytic serine 37 and the labeled lysine/arginine 25 side chain. The remaining positive and negative peaks occur as a close pair near residues valine 38 to threonine 39 and could represent an induced shift of main chain.
Iodine (as KI,) was used to label tyrosine and possibly histidine residues and to confirm the crystallographic sequencing of amino acids. The data were not used in the phasing procedure. In all, 12 positive peaks and no negative peaks are found in the 2.8-A difference map. Most of the peaks are on the surface of the molecule. No peaks occur on the surface regions which are in close contact with neighboring molecules, as might be expected. No residues in the @-lactam-binding site are iodine-labeled. Nine of the iodine peaks can be associated with 7 aromatic residues (54, 69, 72, 125, 181, 188 , and 328) which had earlier been tentatively identified in the map as tyrosine or phenylalanine. On two of these tyrosines (54 and 72), ortho-disubstitution is seen.
The 0-Lactam-binding Site-Flanked on one side by the beginning of the a A helix, at the rear by the PA strand of the @ sheet, and at the bottom by the aG helix, the general position of 8-lactam binding is seen in Figs. 4 and 5. The direction of approach of the antibiotic to the binding site would most likely be from the upper left corner of Fig. 4 . The position and orientation of the cephalosporin C moiety in the binding site was discerned from a Fourier difference map at 2.8-A resolution. Detailed description of the interaction must await higher resolution data, but the absence of the C3' group leads us to believe an acylated antibiotic is present. Not surprisingly, the cyclobutanone, which lacks the P-lactam nitrogen and cannot therefore react chemically with the enzyme, was found to penetrate less deeply into the binding site than did cephalosporin C. Amino acid side chains potentially able to contact a p-lactam are in a 20-residue coil of polypeptide in the NHz-terminal portion of the molecule, generally from residue 25 to 45 (Fig. 7) . After encircling the antibiotic, the peptide coil develops into the a A helix, the dipole moment of which (Hol et al., 1981; Sheridan and Allen, 1980 ) may place a partial positive charge near the p-lactam site. All plactams soaked into the crystals bind near serine 37, which is the sole serine labeled in the crystal with the inhibitor DFP. The sequence of the serine peptide, obtained by trypsin digestion of the enzyme labeled in solution with p-iodopenicillanate, is Val-Gly-Ser-Val-Thr-Lys. The crystallographically determined sequence around serine 37 (Table IV and Fig. 7) is thus equivalent to the chemically determined sequence.
One or more active site bases have been proposed to participate in two processes: 1) ionic interaction with a penicillin's C3 or a cephalosporin's C4 carboxyl group or with the terminal Enterobacter cloacae P99# a CPase/TPase, carboxypeptidase-transpeptidase. The first 2 residues were identified only in the crystallographic map; the remaining 6 residues were confirmed by chemically determined sequence. ' Yocum et al., 1980 . The binding site sequence of the B. subtilis carboxypeptidase is similar.
e Maruyama et al., 1983 . 'Ambler, 1980 . Broome-Smith et al., 1983 carboxyl of the D-alanyl-D-alanine substrate and 2) fragmentation of an enzyme-bound penicilloyl (or cephalosporoyl) moiety at C5-C6 (or C6-C7) prior to deacylation of an acyl-enzyme intermediate (Ghuysen et al., 1984) . Relevant to the ionic process, our reaction of the crystals with the inhibitor methylglyoxal resulted in the labeling of lysinelarginine 25 and possibly residue 42, either of which could be the interacting amine identified by Georgopapadakou et al. (1981) . Lysine 40 was not clearly labeled by methylglyoxal. As to the fragmentation process, we see that lysine 40 is at the top of the binding site, where it is rather far (6 A ) from the C5-C6 (or C6-C7) bond of a (3-lactam ring; there, lysine 40 is better positioned to interact with a C3 substituent of a cephalosporin or possibly with its C4 carboxyl group. Residue 42, on the other hand, is much closer to the P-lactam ring position and could participate in either basemediated process. This unknown residue is within 3 A of the reactive serine 37 so that a hydrogen-bonded couple could mary amines, the failure of residue 42 to react in the crystal with iodine, and the observation by Georgopapadakou and Sykes (1983) that the enzyme in solution is not inhibited by a histidine-directed chloromethyl-ketone substrate analog all suggest residue 42 is an amine other than histidine.
The crystal structures of other penicillin-sensitive enzymes are not yet known, but the Streptomyces R61 carboxypeptidaseltranspeptidase sequence near the reactive serine 37 shows some homology with the binding-site sequences of Dalanyl-carboxypeptidases and transpeptidases from Bacilli and Escherichia coli (Table IV) . In all cases except penicillinbinding protein 3, the reactive serine is within the first 50-90 residues. The common NH2-terminal location of the p-lactambinding site and the recurring Ser-x-x-Lys pattern in the known D-alanyl-carboxypeptidases and transpeptidases is seen also in the penicillin-destroying p-lactamases of both A and C classes (Ambler, 1980; Knott-Hunziker et al., 1982) , the tertiary structures of which are currently under investigation (Charlier et al., 1983 and references therein). Considering the smaller size of some p-lactamases (only 260 residues are sufficient for class A p-lactamases, for example), we note that, under an assumption of structural homology, these plactamases would lack a portion of the COOH-terminal domain of helices E, F, G, and H, none of which interact intimately with the p-lactam, but which in the carboxypeptidases could be involved with peptidoglycan binding during wall biosynthesis.
